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Abstract 
The honey bee population is declining from the onset of a disorder known as Colony 
Collapse Disorder (CCD) which has been associated with climate change, increase use of 
insecticides, and parasite/viral communication. Much focus has been directed towards the 
communication between RNA viruses with the honey bee parasite Varroa destructor and their 
relationship to haemolymph levels in emerging worker bees, but their association with DNA 
viruses has been neglected. The study proposed is to closely observe whether parasite burden in 
combination with reduced haemolymph levels could increase viral replication of DNA virus 
AmFV in emerging honey worker bees. Since, haemolymph houses the cells and proteins needed 
for proper immune response, the predicted outcome is that a significant increase of viral 
replication will be present in the emerging workers despite the virus mechanisms for replication 
are DNA based instead of RNA based. 
Introduction 
 Hymenoptera is a great order composed mainly of a vast variety of arthropods that begin 
in a larval stage before becoming highly active adults. Some examples of species that are 
classified under Hymenoptera are various ants, wasps, sawflies, and the ever-important bees. In 
most regions of the planet, bees are one of the most top pollinators making them a great asset to 
the global ecosystem especially the honey bee. Unfortunately, the managed bee population 
around the globe have been on the decline. According to Greenpeace, (a non-profit organization 
dedicated to the conservation of honey bee populations) there has been a 40% decrease of 
commercial honey bee population in the US since 2006, and a 45% decrease in the UK since 
2010 (2014). Also, according to the non-profit organization “Bee Informed”, surveys have 
shown a 30.7% lost in United States managed wintering colonies between 2017 and 2018 (2019).  
This is having detrimental effects on agriculture. Both wild crops and agricultural crops depend 
on pollination with honey bee pollination valued at $14.6 billion (McMenamin et al. 2018). 
Without honey bees many economic and ecological communities will begin witnessing a 
collapse. However, there is no simple fix that will boost conservation efforts for honey bees 
 Recently, the bee population is suffering from a disorder known as “Colony Collapse 
Disorder” (CCD). A bee colony is only diagnosed with CCD when following “symptoms” arise 
weak colonies due to the large mortality rate of adult worker bees, absence of dead worker bees 
within the hive parameters, and eventual infestation of parasites and pests along with parasitic 
theft of larvae from other hives (vanEngelsdorp et al. 2009). As specific as this disorder may 
sound, honey bees are not inflicted spontaneously, but there is a plethora of different factors that 
go into the declination of a honey bee population. Some of these factors include, overuse of 
insecticides, global warming, harsh winters, over competition, parasites, and viruses. In this 
review, the main topics of focus will be how a group of chemicals known as neonicotinoids, 
levels of haemolymph, and parasite virus interactions affect honey bee foraging capabilities and 
viral immunity. 
Neonicotinoids 
Insecticides are incredibly useful tools when it comes to warding off any harmful insects 
that could damage valuable agricultural crops. Though, when insecticides are made without 
considering what kind of components should be used in the formula and used haphazardly, 
insecticides begin to affect benevolent insect species. Throughout the years, there has been much 
debate about what components should be added to insecticides particularly a classification of 
chemicals known as neonicotinoids. 
Neonicotinoids are a group of insecticides normally used in agriculture to protect crop 
seeds against pests. Neonicotinoids’ original purpose was to ward off plant parasitic insects from 
destroying the crop, but unfortunately, studies have discovered traces of this chemical in 
collected and stored pollen and hive wax in honey bee populations in the vicinity of 
commercially owned agricultural businesses (Krupke and Long, 2015). Because adult worker 
bees and honey bee larvae are being exposed to neonicotinoids, their ability to properly forge is 
being detrimentally affected. In the Démares et. al. study, they exposed adult worker bees to a 
different neonicotinoid to observe each groups’ responsiveness to sucrose in which the worker 
bees showed a low response even high levels of sucrose giving evidence to the argument that 
neonicotinoids disrupt the sensory functions of bees (2018). The inability to detect sucrose in 
both a wild and manage population will dampen their foraging skills and lower food production 
for the hive. 
The decrease in sucrose detection in working bees from neonicotinoids overall degrades 
integrity of a honey bee colony; however, it has also been found that specific neonicotinoid 
chemicals have their own unique side effects that prove to damage honey bee colonies which 
could possibly set the stage for a colony to collapse. One neonicotinoid known as, 
Thiamethoxam (THX), is a high lethal insecticide which causes paralysis in insects by over 
stimulation of their nervous systems by binding to the post-synaptic nicotinic acetylcholine 
receptors mimicking natural occurring acetylcholine (Mainfisch et al. 2001). As many other toxic 
chemicals used out in the field, THX is picked up in pollen and nectar, but recently experts have 
discovered evidence that this chemical’s effects penetrate further into the infrastructure of bee 
colonies. One team proposed that honey bee larvae were being affected by THX as well through 
the honey made by workers bees who were exposed to THX-tainted nectar. They exposed Apis 
mellifera (Western Honey Bee) to sub-lethal doses of THX and it was observed to decrease 
synapsin levels in the subjects which causes the development of learning defects, and the 
inability to form memory (Tavares et al. 2019). Effected larvae that mature to become worker 
bees may be able to fly correctly, but the learning defects caused by THX will impair their ability 
to learn and follow relayed direction from another bee to the proper nectar source. Also, even if 
the effected be can find the source the inability to form memory will most likely cause them to 
relay incorrect coordinates to the other worker bees. The previous study was done in a laboratory 
setting, so there are still questions left to how affected honey bees manage out in the wild. 
Another neonicotinoid in question is known as clothianidin which was recently shown to 
possibly be a precursor to viral outbreaks in honey bee colonies. In the Prisco et al. study and 
their team firstly exposed team exposed both fly and honey bee larvae to clothianidin and 
observed that the upregulation of genes that negatively regulate the NF-κB immune pathway 
(2013). Then, the honey bees were exposed to Deformed Wing Virus (DWV) carrier Varroa 
destructor mites and was shown to have a great increase in viral pathogenesis in immune 
compromised bees (Prisco et al. 2013). DWV is a virus that is normally spread by the Varroa 
mite and causes larvae to form deformed wings stunting their ability to fly and eventually 
causing a colony collapse, decreasing foraging skills, and increasing mortality rates (Benaets et 
al. 2017). With this study in mind, this brings this review to a much pressing matter when it 
comes CCD. 
Parasite-Viral Interactions 
Honey bees are under greater danger of a more nanoscopic threats, viruses. As of now 
there are two DNA viruses affecting bees that have been discovered, though, most honey bees 
are susceptible to a wide array of positive RNA viruses sum of which are the Sacbrood virus 
(SBV), Black queen cell virus (BQCV), Acute bee paralysis virus (ABPV), and DWV (Remnant 
et al. 2017) which will be the main topic of discussion. Each virus has the potential to bring a 
colony collapse; fortunately, under normal conditions infected bees will be weeded out of the 
colony or use a different food source. However, when paired with the Varroa mite, viruses have 
a much potent force on honey bee species. 
 It has been found that DWV seems to one of the best positive RNA viruses to 
synchronize with Varroa. In the Ryabov et al. study, honey bee pupae infected with DWV 
showed significantly higher levels of DWV replication affect exposed to the Varroa mite 
compared to those that were not exposed (2014). Another team gave more strength to the 
argument by diving deeper into cell signaling processes in the immune response. In their 
experiment, they also found that Varroa greatly increased the level of DWV within bees, and, 
additionally, discovered that DWV upregulates NF-κB inhibiting gene Amel\LRR (Prisco et al. 
2016). The combination of Varroa mites and DWV nearly completely immunocompromises 
honey bee colonies nearly ensuring the development of CCD. Even so, the underlying cause of 
such viral potency is much more specific than a simple double infestation. 
 During viral colony collapse immune response could be down due a lack of haemolymph. 
Haemolymph or hemolymph is the fluid that is normally found in aquatic arthropods and insects, 
including honey bees, and carry many of the same functions as whole blood in vertebrate. 
Experiments have long shown that the coagulation of haemolymph is responsible for the innate 
immunity of insects (Muta and Iwanaga, 1996) meaning if haemolymph levels are stable, insects 
will remain immunocompetent under any normal condition. To further investigate this possible 
theory, Annoscia and their team studied the interaction between the Varroa mite, DWV, and the 
honey bee in greater detail (2018). In this experiment, they allow the Varroa mite to feed on 
honey bee pupae infected with DWV until adulthood and monitored the level haemolymph 
within them as the mites fed. They found that DWV viral replication greatly increased in honey 
bees with low levels of haemolymph due to the biotic stress brought upon by the mite feeding 
(Annoscia et al. 2018). Based off the evidence shown, the immune response it disrupted possibly 
due to the lack of antiviral components needed to combat DWV. 
 Bee populations are under significant threat by a variety of abiotic and biotic factors. 
However, viruses there have been numerous studies done on the interaction between parasites 
and virulence of RNA viruses in bee colonies driving the formation of CCD, but not the DNA 
viruses discovered one of which is the Apis mellifera Filamentous Virus (AmFV). AmFV is 
described to be a large enveloped DNA virus that degrades insect cells and turns the 
haemolymph a milky-white (Gauthier et al. 2015). One of the few experiments significant to 
parasites was the Hartmann et al. study where they observed AmFV prevalence in honey bee 
colonies after worker bees emerged and found that there was a high prevalence of AmFV 
alongside a rise in microsporidian Nosema ceranae in the spring time (2015). Viruses can about 
to adapt their genome quickly, so then it would not be out of the question that this poorly 
researched DNA virus, AmFV, could use V. destructor as a vector during the winter. Also, could 
the reduction of haemolymph via might feeding expedite the viral replication process? 
Specific Aim 
This study aims to further investigate the parasite-viral communication between the 
honey bee DNA virus AmFV and the parasitic mite Vorroa Destructor. More precisely, 
identifying whether the reduction of haemolymph via mite feeding can increase viral replication 
of AmFV in wintering Apis mellifera colonies. 
Research on CCD is extremely important to both research and society. Research on the 
cooperation of V. destructor and AmFV has largely been neglected, even less so, how the 
reduction of haemolymph plays a role in the rate of viral replication. Firstly, honey bees are an 
indicator species meaning that they health of the honey bees correlates to the health of the entire 
ecosystem. They not only show the health of the ecosystem but promotes its health as well. 
Honey bees are extremely important pollinators and without them approximately a third of crops 
will remain unpollinated and will need some alternate vector. (Greenpeace, 2014). Also, one 
study found that the RNA viruses causing CCD in honey bee colonies are finding their way into 
wild bumblebee populations causing similar problems in their populations (McMahon et al. 
2015). Bumblebees are an even greater pollinator than honey bees, and their disappearance will 
bring further destruction to environment. Bees are wonderful creatures that work to maintain our 
ecosystems and research is needed to better understand how to protect them. 
Methodology 
 The primary method of this study is to measure the rate of viral replication associated 
with haemolymph removal with control and infested, parasite burdened honey bee workers. The 
end results of this study will be analyzed to observe whether the reduction of heamolymph due to 
parasite feeding could increase the viral replication of DNA viruses in control and infested honey 
bee workers compared what was found for RNA virus DWV (Deformed Wing Virus) in an 
alternate experiment (Annoscia et al. 2018). Analyses will be performed through DNA extraction 
and spectrophotometry of heamolymph samples isolated from subject samples. The methods in 
this study will be based off the Gauthier et al. study (2015) and the Annoscia et al. study (2018). 
Organisms and Virus 
 Apis mellifera (Western Honey bee) workers larvae will be used on long with the 
parasitic mite Varroa destructor. The virus in question will be DNA virus Apis mellifera 
Filamentous Virus (AmFV). Non-parasitized, AmFV positive worker honey bees (n = 100) and 
parasitized AmFV positive worker honey bees (n = 100) from separate colonies will be collected 
from Agroscope Bee Research Centre in Bern, Switzerland (Gauthier et al. 2015), and V. 
destructor adult females will be collected from an apiary in Undine, Italy (Annoscia et al. 2018). 
The study will need about 250 bees in total. The extra fifty is to cover for any dead larvae upon 
arrival (25 parasitized, 25 non-parasitized). The infected worker bees will be needed for transfer 
of virus to larvae described later in the methods. 
Isolation of AmFV and Artificial V. destructor infestation of Bee Larvae 
 The AmFV virus will be first isolated from the infected adult worker bees. The materials 
and methods for this isolation will mirror the methods performed in the Gauthier et al. 
experiment (2015). The isolated viral DNA will be then transferred into the adult V. destructor 
mites. Afterwards, individual larvae isolated in Agar Scientific Ltd., 6.5 mm diameter gelatin 
capsules will be left uninfected (control) or infected (experimental) with one mite and incubated 
until they emerge as adults where AmFV positive individuals will be counted for later analysis 
(Annoscia et al. 2018). 
Observing Viral Replication with the Reduction of Haemolymph 
 The following section will be based off the Annoscia et al. study. The experiment will 
then be repeated as before; however, bees will be taken from the incubator early. Bees will be 
taken at the white eye stages and have one antenna cut for bleeding of 1 μl and 2 μl 
haemolymph. After bleeding, their antennae will be sealed with 2% Sulfathiazole and Neomycin 
sulfate. The bees will be divided into the four following groups: 
Unaffected (control) 
Cut and untreated (control) 
1μL of haemolymph removed (Experimental A), and 
2μL of haemolymph removed (Experimental B) 
The bees will be then placed back into incubation until larvae reach late instar stage before 
haemolymph is collected to test for viral concentration is tested (2018). 
PCR 
 Haemolymph will be taken from larvae at late instar stage and centrifuged (1000 g; 10 
min at 4⁰C) with the same anti-coagulant buffer as referenced in Annoscia et al. with the 
supernatant discarded. DNA will be extracted using the GenElute Mammalian Genomic DNA 
Kit (Sigma, St Louis, MO) following the manufacturer’s instructions (Snowden et al. 2002), and 
the quantity of DNA will be identified using spectrophotometry (Nanodrop®, Wilmington, DE) 
(Gauthier et al. 2015). The quality of DNA will be checked based off the methods described in 
the Gauthier et al study (2011). The following primers that will used are (Gauthier et al. 2015): 
AmFV_28 Forward: 
CGCATGTACCAACAACTCGTAC 
Reverse: CACAGTTGGTGTAGCGCAGT 
AmFV_221 Forward: AGATCGCCCGCTTTGTCGCC 
Reverse: AGCGGGCCTCGGTGTACACT 
AmFV_112 Forward: 
CAGAGAATTCGGTTTTTGTGAGTG 
Reverse: CATGGTGGCCAAGTCTTGCT 
 
Statistical Analysis 
Statistical analysis will be carried out using Chi Square Test to analyze the percentage of 
infected bees, and Mann-Whitney U Test and Kruskal-Wallis test to compare the different 
groups and their infection levels (Annoscia et al 2018). 
Potential Pitfalls 
 The study has great potential to further understand key mechanisms for colony collapse 
via parasite-viral interactions; however, there could be some possible pitfalls to the study. The 
main concern is how AmFV affects honey bees by thickening their haemolymph and turning it a 
milky color. The virus’s effects combine with the feeding of the mites might be too much of a 
burden on the honey bee larvae and kill most of the subjects. This would lead in the loss of 
valuable data of the rate viral replication at emerging stages in development. Furthermore, it 
could be possible that V. destructor may not be able to feed properly off the infected blood which 
would screw the data on how reduction of haemolymph is playing a role. 
Potential Conclusions 
 There have been many studies that have found concrete evidence that parasites are one of 
the main causes for the spread of viruses to honey bee colonies such as the studies mentioned in 
the previous sections. Unfortunately, most of these studies focus on RNA viruses, but one study 
did find connections with gut microsporidia to the AmFV virus; however, neglected to show how 
haemolymph levels effect the rate of viral replication except for the Annoscia et al study that 
focused one RNA virus DWV (2018). In their study they concluded that V. destructor burden 
does play a major role in the rate replication for DWV (Annoscia et al. 2018). The main potential 
conclusion for this study is that V. destructor feeding will speed up the rate of viral replication 
compared to the controlled setting. This is because AmFV attacks the blood directly and thickens 
it which will lower the immune response. Another potential conclusion is that since AmFV 
directly attacks the haemomlyph of honey bees that, combined with V. destructor feeding, the 
rate of replication for this virus will be greater than what was found in studies with RNA viruses. 
If this study doesn’t prove to be too stressful on the larvae and enough bees live to the late instar 
stage, there should be enough data to support any conclusion. Also, by better understanding the 
underlying mechanisms of parasite-viral communication, this could further the conservation 
effort to preserve honeys by inventing a proper, environmentally safe treatment in the future. 
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